DNA repair of clustered uracils in HeLa cells.
Two or more base damages, abasic sites or single-strand breaks (SSBs) within two helical turns of the DNA form a multiply damaged site (MDS) or clustered lesion. Studies in vitro and in bacteria indicate that attempts to repair two closely opposed base lesions can potentially form a lethal double-strand break (DSB). Ionizing radiation and chemotherapeutic agents introduce complex lesions, and the inability of a cell to repair MDSs is believed to contribute to the lethality of these treatments. The goal of this work was to extend the in vitro studies by examining MDS repair in mammalian cells under physiological conditions. Here, two opposing uracil residues separated by 3, 5, 7, 13 or 29 base-pairs were chosen as model DNA lesions. Double-stranded oligonucleotides containing no damage, a single uracil residue or the MDS were introduced into a non-replicating mammalian construct within the firefly luciferase open reading frame, or at the 5' or 3' end of the luciferase expression cassette. Following transient transfection into HeLa cells, luciferase activity was measured or plasmid DNA was re-isolated from the cells. Formation of a DSB was expected to decrease luciferase expression. However, certain single uracil residues as well as the MDSs decreased luciferase activity, which suggested that the reduction in activity was not due to DSB formation. In fact, Southern analysis of the re-isolated plasmid did not show the presence of linear DNA and demonstrated that none of the constructs was destroyed during repair. Further analysis of the re-isolated DNA demonstrated that only a small percentage of molecules originally carrying a single lesion or an MDS contained deletions. This work indicates that the majority of the clustered lesions were not converted to DSBs and that repair systems in mammalian cells may have established mechanisms to avoid the accumulation of SSB-repair intermediates.